on behalf of the SOS-KANTO Study Group* Background--Mechanical cardiopulmonary resuscitation (mCPR) for patients with out-of-hospital cardiac arrest attending the emergency department has become more widespread in Japan. The objective of this study is to determine the association between the mCPR in the emergency department and clinical outcomes.
O ut-of-hospital cardiac arrest (OHCA) is a leading cause of death.
1 There are almost 424 000 cases of emergency medical service (EMS)-assessed OHCA each year in the United States, 1 300 000 in Europe, 2 100 000 in Japan, 3 and upwards of 3.7 million worldwide. 4 The achievement of a successful return of spontaneous circulation (ROSC) depends on a chain of survival, including the recognition of early signs of cardiac arrest and the provision of early and high-quality cardiopulmonary resuscitation (CPR). 5 Several studies have
shown that the high-quality CPR improves the survival rate and the neurological outcome of patients experiencing nontraumatic OHCA. [6] [7] [8] Most mechanical CPR (mCPR) devices have been proposed to provide compressions of an appropriate depth and frequency for long periods without interruption or fatigue. The use of mCPR devices during CPR has become more widespread and allows for constant chest compressions to be performed during transportation from the scene of cardiac arrest to the hospital. 9 However, the evidence to support or refute the use of mCPR devices during the transfer of patients with OHCA to the hospital is insufficient to support that it achieves high-quality CPR. 9, 10 Besides the mCPR in the prehospital setting, the use of mCPR for patients with OHCA attending the emergency department (ED) has also become more widespread in Japan. Although there is no randomized clinical trial or large-cohort study to determine the effectiveness of mCPR in the ED on the clinical outcomes of patients with OHCA in comparison to manual CPR, it is conceivable that the shortcomings of manual CPR can be overcome by mCPR devices, which can help minimize interruptions in chest compressions during CPR and reduce the demands on medical staff in the ED. However, the frequency of real-world use and the beneficial effect of mCPR in the ED on clinical outcomes in cases of adult nontraumatic OHCA are still unknown.
The objective of this study was to determine the association between the mCPR for the resuscitation of adult patients with nontraumatic OHCA in the ED and the clinical outcomes using the database from a large, prospective, multicenter cohort of patients with OHCA in the Kanto area of Japan.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Design and Settings
The SOS-KANTO (Survey of Survivors after Out-of-Hospital Cardiac Arrest in Kanto Area) 2012 study was a survey of OHCA survivors in the Kanto area, including Tokyo Prefecture, of Japan between January 1, 2012 and March 31, 2013. A total of 16 452 patients with OHCA who were transported to 67 emergency hospitals by EMS personnel were included in this prospective, multicenter, observational study. [11] [12] [13] [14] [15] [16] In this study, patients treated with mCPR devices during advanced cardiovascular life support in the ED were compared with patients who received manual CPR alone. The attempt to use an mCPR device was decided by the physicians who were caring for the patient, according to each institutional protocol or their own decision making. The commercially available devices, which included a load-distributing band-type device (AutoPulse, ZOLL Medical Corporation, Chelmsford, MA), piston-compression devices (LUCAS or LUCAS2 Chest Compression System, Physio-Control Inc., Redmond, WA), or others, were used for mCPR at each participating medical institution. The study protocol was approved by the institutional review board or ethics committee of each participating medical institution, and the requirement for informed patient consent was waived to ensure participant anonymity.
Emergency Medical System in Japan
In Japan, emergency services are provided 24 hours every day, anywhere. Most ambulance crews have 3 EMS personnel, including at least 1 emergency life-saving technician who is allowed to provide extensive emergency care. EMS providers perform CPR according to the current CPR
Clinical Perspective
What Is New?
• In a large, multicenter, prospective cohort study of out-ofhospital cardiac arrest in Japan, the mechanical cardiopulmonary resuscitation for adult patients with out-of-hospital cardiac arrest attending the emergency department was associated with a decreased likelihood of survival to hospital discharge, successful return of spontaneous circulation, and hospital admission, after accounting for potential confounders and the within-institution clustering effect.
What Are the Clinical Implications?
• Our data do not support the routine use of mechanical cardiopulmonary resuscitation devices for patients with outof-hospital cardiac arrest in the emergency department.
• Attending physicians and medical teams treating patients with out-of-hospital cardiac arrest in the emergency department should be aware that the introduction of mechanical cardiopulmonary resuscitation devices is likely to have a negative effect on patient outcomes.
guidelines. They are permitted to perform tracheal intubation and administer intravenous epinephrine, but not to terminate CPR in the field; thus, most patients with OHCA are transported to hospitals.
Patient Selection
In this study, a predefined subcohort of patients with OHCA was investigated. On the basis of the previous studies, 10, [17] [18] [19] [20] [21] [22] [23] [24] we selected adult patients with nontraumatic OHCA who had sustained circulatory arrest on hospital arrival (thus, all eligible patients who attended the ED received ongoing CPR by EMS). The inclusion criteria were as follows: (1) age ≥18 years, (2) patients with undetectable blood pressure on hospital arrival, (3) patients who received advanced cardiovascular life support after hospital arrival, and (4) patients who were transferred to hospitals that had an mCPR device. The exclusion criteria were as follows: (1) traumatic OHCA and (2) patients with missing data on the type of CPR (manual CPR or mCPR) in the ED.
Data Collection and Definition of the Outcome Measures
The data collection of this study has been reported previously. [11] [12] [13] [14] [15] [16] The prehospital information was collected by EMS providers. The cause of CA was determined by the physician caring for the patient. The in-hospital information was collected by institutional researchers. The Cerebral Performance Category (CPC) scale was used to categorize the neurological outcomes, as follows: CPC 1, good performance; CPC 2, moderate disability; CPC 3, severe disability; CPC 4, comatose or persistent vegetative status; and CPC 5, brain death or death. CPC 1 and 2 were defined as good neurological recovery. The CPC scores were further dichotomized into good (CPC 1 or 2) and poor (CPC 3, 4, or 5) outcomes. 25, 26 If the patients were discharged from the hospital or transferred out to rehabilitation hospitals, the institutional researchers collected the information by telephone.
11,16
The primary outcome was survival to hospital discharge. 10, [19] [20] [21] 23, 24 The secondary outcomes included ROSC 10, [17] [18] [19] [20] [21] and successful hospital admission. To address the missing data, all missing nonoutcome data were appropriately imputed by multiple imputation using the assumption that data were missing at random.
11,29 Then, we compared outcomes between manual CPR and mCPR in the ED for all adult nontraumatic OHCAs. We used a generalized estimating equation model with an independence correlation structure to account for within-institution clustering. With the full cohort, 3 generalized estimating equation models (univariate, adjusted for selected variables, and adjusted for all covariates) were fit using each of the 3 end points as a dependent variable. A set of potential confounders was chosen a priori based on biological plausibility and a priori knowledge. 12, 15, 24, [30] [31] [32] [33] [34] [35] [36] [37] [38] These selected variables included the following: age, sex, hospital category (to adjust for the difference in the frequency of mCPR device use between each institution, hospitals were categorized on the basis of the numbers of patients on whom mCPR devices were used: low volume, <20 per year; moderate volume, 20-100 per year; and high volume, >100 per year), witnessed status, bystander CPR, first documented rhythm, presumed cardiac cause, airway management by EMS, prehospital administration of epinephrine by EMS, tracheal intubation during advanced cardiovascular life support, administration of epinephrine, defibrillation attempt, extracorporeal CPR performed in the ED, and time from call to EMS arrival at scene, time from EMS arrival at scene to EMS arrival at the patient's side, time from EMS arrival at the patient's side to CPR initiation, and time from CPR initiation to hospital arrival (while also adjusting for within-institution clustering effects using a generalized estimating equation, [36] [37] [38] [39] because several articles have suggested the existence of hospital-related differences in survival after OHCA). [40] [41] [42] [43] [44] All covariates included the selected variables above and location at which the cardiac arrest occurred, observational period, time of cardiac arrest, prehospital mCPR by EMS, number of defibrillations by EMS, time from call to the first epinephrine dose, and laboratory data, including blood ammonia, pH, and PaCO 2 on ED arrival (while also adjusting for within-institutional clustering effects). The odds ratios for all outcomes were reported, along with P values and Wald 95% confidence intervals. For further sensitivity analyses, we performed the multivariate analyses with adjustment for the above-mentioned selected variables to evaluate the association between mCPR and survival to hospital discharge in the subgroup of patients who were divided into the following categories: sex, age (18-75 versus >75 years; the patients were divided on the basis of the median age), cause (cardiac versus noncardiac), time of day (8:00 AM to 9:59 PM versus 10:00 PM to 7:59 AM), witness status (yes versus no), bystander CPR (yes versus no), initial rhythm (shockable versus nonshockable), and the transfer time interval from call to hospital arrival (<35 versus ≥35 minutes; the patients were divided on the basis of the median transfer time interval).
P<0.05 indicated statistical significance. All analyses were conducted using the SPSS software program (version 23.0).
Results

General Characteristics
A total of 16 452 adults with OHCA were consecutively enrolled in the SOS-KANTO 2012 study. After the exclusion of 9945 patients according to the predetermined criteria, 6537 patients with OHCA were eligible for inclusion in this study; this included 5619 patients (86.0%) in the manual CPR group and 918 patients (14.0%) in the mCPR group (Figure 1 ). The characteristics of the patients in the manual CPR and mCPR groups are shown in Table 1 . There were no significant differences in the age, observation period, time of cardiac arrest, time from call to EMS arrival at scene, time from EMS arrival at the patient's side to CPR initiation, number of defibrillations by EMS, airway management by EMS, or administration of epinephrine by EMS. The mCPR group had a faster time from CPR initiation to hospital arrival and time from call to the first epinephrine dose. The mCPR group had higher frequencies of male sex, witnessed status, received 16 (Table 1) . Among the 918 patients in the mCPR group, other devices were used for 570 (62.1%) and accounted for most mCPR devices. Load-distributing band-type and piston-compression devices were used 93 times (10.1%) and 172 times (18.7%), respectively. In the remaining 83 cases (9.0%), the type of mCPR device was unknown (Table 1) .
The overall ROSC rate was 28.1% (1801/6419), the admission rate was 20.4% (1175/5754), the rate of survival to hospital discharge was 2.6% (168/6504), and a good neurological outcome at 1 month was observed in 1.2% of the patients (75/6494). Table 2 shows the association between mCPR in the ED and primary outcome among all patients. The unadjusted model demonstrated that there was not significant association between mCPR in the ED and survival to hospital discharge (P=0.887). In the adjusted model using the selected variables, mCPR in the ED was an independent negative predictor of survival to hospital discharge (adjusted odds ratio, 0.43; 95% confidence interval, 0.22-0.83; P=0.012). Similarly, in the adjusted model using all variables, mCPR was associated with a decreased likelihood of survival to hospital discharge (adjusted odds ratio, 0.40; 95% confidence interval, 0.20-0.78; P=0.005). Table 3 summarizes secondary outcomes for each group among all patients. The unadjusted model showed that there was not a significant association between mCPR and the secondary outcomes (Table 3 ). In the adjusted models using the selected variables and all variables, mCPR was significantly associated with a decreased likelihood of ROSC (P=0.027 for the model with the selected variables, and P=0.018 for the model with all variables) and successful hospital admission (P=0.001 for each model).
Primary Outcome
Secondary Outcomes
Subgroup Analyses
To assess the robustness of the results, we performed a series of sensitivity analyses. The results of the subgroup analyses of the factors associated with survival to hospital discharge are presented in Figure 2 . mCPR was significantly associated with a decreased likelihood of survival in the 
Discussion
To the best of our knowledge, this is the first study to demonstrate an association between mCPR in the ED and the clinical outcomes after adult nontraumatic OHCA using data from a large, multicenter, prospective cohort study of OHCA in Japan. None of the previous studies accounted for the withininstitution clustering effect and potential confounders, as was done in the current study. We found that, although the use of mCPR devices in the ED has become widespread in Japan, most CPR efforts were performed without them in the ED. When adjusted for potential confounders and within-institution clustering effects, mCPR in the ED was significantly associated with decreased likelihoods of favorable clinical outcomes in those patients.
Previous studies failed to demonstrate an improved clinical outcome in comparison to manual CPR when mCPR devices were used in the prehospital setting. The PARAMEDIC (Prehospital Randomized Assessment of a Mechanical Compression Device in Cardiac Arrest) trial, 45 CIRC (Circulation Improving Resuscitation Care) trial, 19 and LINC (LUCAS in Cardiac Arrest) study 46 reported that the superiority of prehospital mCPR in comparison to manual CPR had not been demonstrated. Thus, there is insufficient evidence to suggest the superiority of prehospital mCPR devices, which is reflected by a class IIb recommendation (Usefulness is less well established by evidence.) and a level of evidence of C (consensus opinion of experts) in the American Heart Association guidelines. 47 However, although the results from clinical trials have been conflicting, the use of mCPR devices is currently established and they are widely used not only in the prehospital setting but also in the ED in Japan. Recently, Buckler et al reported the adverse effect of prehospital mCPR provided by EMS personnel on adult patients with nontraumatic OHCA. 10 They demonstrated that survival to hospital discharge with a favorable neurological function was more likely among patients who were treated with manual CPR in comparison to those who received mCPR. Consistent with these observations, Youngquist et al demonstrated that prehospital mCPR was associated with poor neurological outcomes among surviving patients by propensity score analyses using the database from the CARES (Cardiac Arrest Registry to Enhance Survival) in Utah. 24 Although these findings were in contrast to the results of randomized controlled trials that showed no benefit, but also no harm, from mCPR use, these recent studies suggest that the real-world implementation of mCPR is different from the environment of a well-designed randomized controlled trial. 10 Given the potential benefits of mCPR devices, we had hypothesized that the use of mCPR in the ED to treat adult patients with nontraumatic OHCA may be associated with improved or equivalent survival from OHCA. However, we found that mCPR was associated with significantly worse outcomes after OHCA. Collectively, these observations suggest that the use of mCPR devices could be associated with poor clinical outcomes among adult patients with OHCA resuscitated in the in-hospital setting and the out-of-hospital setting. Therefore, it is conceivable that attending physicians and medical teams treating patients with OHCA in the ED should be aware that the introduction of mCPR devices is likely to have a negative effect on patient outcomes, at least for the time being. There are some potential explanations as to why the use of mCPR in the ED was associated with significantly worse outcomes in this study. First, the application of the device on hospital arrival may lead to more prolonged pauses in compressions at the beginning of CPR in comparison to manual CPR. Ong et al measured the no-flow time and no-flow ratio before and after the ED switched from manual CPR to a load-distributing band mCPR device. 48 They reported that application of a load-distributing band in the ED was associated with a higher no-flow ratio in comparison to manual CPR in the first 5 minutes of resuscitation. 48 It is conceivable that attention to team training and the rapid application of the device would contribute to minimizing the interruption of chest compression and improving performance in resuscitation. Second, rescuers performing manual CPR can be aware whether the ongoing chest compressions are being performed appropriately (eg, compression depth, compression rate, recoil, and duty cycle) in real time, whereas the mCPR device does not provide real-time CPR feedback. A randomized, crossover mannequin study demonstrated a remarkably poor quality of compressions with the use of the mechanical device in simulated CPR. 49 In addition, in human case reports, it was observed that switching from mCPR to manual compressions enabled increasing chest compression depth, resulting in hemodynamic improvement, which highlighted the usefulness of physiological monitoring during CPR. 50 There is clinical evidence to support that the assessment of CPR quality has revealed significant increases in survival and a favorable neurological function after cardiac arrest. 51, 52 Thus, it is possible that the use of mCPR with an assessment of CPR quality may be useful to improve the resuscitation performance. Human or mechanical error during the use of mCPR devices is another possibility. A single human case report in which transthoracic echocardiography was performed during CPR noted that an mCPR device was ineffective in generating blood flow. 53 Thus, rescuers should consider checking the pulse during mCPR and constantly assessing the efficacy of the device. We note a large decrease in the number of people admitted to the hospital relative to ROSC in the ED. We considered the possibility that the decision to use the mCPR device may be influenced by anticipation of prolonged resuscitation that potentially has poor prognosis. [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] minutes; P=0.506). These observations suggest that patients in the mCPR group could not be considered to have a poorer prognosis and require prolonged resuscitation, as anticipated by the treating physician, compared with patients in the manual CPR group.
The low survival rate in our data set is best understood as being attributable, in part, to the fact that Japan EMS is not allowed to terminate resuscitation efforts in the field. Furthermore, patients with prehospital ROSC were excluded from the present analyses (Figure 1) . Several articles have shown that prehospital ROSC is significantly associated with a better survival rate after OHCA. Thus, the low survival rate in this study should be because of exclusion of the patients with prehospital ROSC from the overall number of adult patients with nontraumatic OHCA.
There are several limitations in the current study. First, this was not a randomized controlled trial but rather a multicenter, observational study with all of the limitations inherent to such a study design. As with any observational study, the association between the mCPR and patient outcomes does not necessarily prove causality and might be confounded by unmeasured factors. Furthermore, this study might have been affected by confounding indications. However, given that the patients who received mCPR in the ED had a higher proportion of patients with witnessed arrests and who received bystander CPR, a shorter time interval from CPR initiation to hospital arrival and from call to the first epinephrine dose, and a similar blood ammonia level compared with the manual CPR group (Table 1) , the patients with a good prognosis on ED arrival likely underwent appropriate resuscitation efforts, which would have included the use of mCPR. The mCPR was associated with worse survival in patients who had better prognostic factors (Figure 2) . 54 Second, we were not able to analyze the association between mCPR and neurological outcome after OHCA because of the few events. Thus, the role of mCPR in the ED on neurocognitive function after OHCA remains undetermined. Third, the in-hospital procedures or protocols for the implementation of the devices among each hospital were unknown in this study. To account for the institutional and regional factors associated with an improved outcome, we performed multivariate analyses with adjustment for within-institution clustering effects using a generalized estimating equation. Nevertheless, selection biases pertaining to the decision to use mCPR by the treating physician cannot be accounted for in this study. Finally, most mCPR use (60.7%) was with "other" devices rather than the AutoPulse, LUCAS, or LUCAS2, which are recommended as class IIb in the current guidelines. To our best knowledge, some piston-style electromechanical devices are approved and commercially available for prehospital and in-hospital CPR in Japan. Generally, these piston devices with an arm are designed to be placed in the center of the chest, push the sternum down, and return to the neutral position automatically. Compression depth and frequency are easily adjustable to meet the recommendations of the International Liaison Committee on Resuscitation guidelines. However, as this study is an observational registry of OHCA, we were not able to collect details on the other devices. Recently, new devices have been developed with design and setup modifications to improve the quality of CPR and overcome the disadvantages associated with other devices. Thus, the role of mCPR could be limited to patients who were transported to the hospitals participating in this study.
Conclusion
The current study suggested that the mCPR for adult patients with OHCA attending the ED was associated with a decreased likelihood of survival to hospital discharge, successful ROSC, and hospital admission, after accounting for potential confounders and the within-institution clustering effect. Further studies are warranted to clarify the circumstances in which mCPR may benefit patients with nontraumatic OHCA; however, our data do not support the routine use of mCPR devices for patients with OHCA in the ED.
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